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(54) Title: MULTILAYERED CATALYST AND METHOD FOR PREPARATION THEREOF 
(57) Abstract 

The present invention includes a catalyst that has at least four layers, (1) 
porous support, (2) buffer layer, (3) interfacial layer, and optionally (4) catalyst 
layer. The buffer layer provides a transition of thermal expansion coefficient 
from the porous support to the interfacial layer thereby reducing thermal 
expansion stress as the catalyst is heated to high operating temperatures. The 
method of the present invention for making the at least three layer catalyst 
has the steps of (1) selecting a porous support, (2) solution depositing an 
interfacial layer thereon, and optionally (3) depositing a catalyst material onto 
the interfacial layer, wherein the improvement comprises (4) depositing a 
buffer layer between the porous support and the interfacial layer. 
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WO 00/06301 PCT/US99/17083 

MULTILAYERED CATALYST AND METHOD FOR PREPARATION THEREOF 

5 

FIELD OF THE INVENTION 



The present invention relates to a catalyst useful for hydrocarbon 
10 conversion and specifically to a catalyst structure that exhibits longer life 
especially under high temperature conditions. 

BACKGROUND OF THE INVENTION 

15 Hydrogen and hydrocarbon conversion reactions including but not limited 

to steam reforming, water-gas shift reactions, methanol synthesis and catalytic 
combustion are well known. These reactions are usually carried out at 
temperatures between 200 and 1000 °C. Currently these reactions are 
industrially run using catalyst pellets which consist of an active catalytic metal or 

20 metal oxide deposited on high surface area ceramic pellets. 

Known foam or monolith catalysts are known to have three layers (1) 
porous support, (2) interfacial layer, and (3) catalyst metal as described in [1], In 
making these catalysts, the interfacial layer has been deposited by various 
methods including solution impregnation techniques. The catalyst layer may be 

25 deposited by solution impregnation techniques. The interfacial layer has greater 
surface area than the porous support whereas the porous support has greater 
mechanical strength than the interfacial layer. 

The porous support may be a metal or ceramic foam. Metal foams are 
highly thermally conductive and easy to machine. The sponge-like mechanical 

30 properties allow convenient sealing in a reaction chamber via mechanical 
contact. The closely matched thermal expansion between the metal foam and 
the housing reaction chamber minimizes cracking of the porous support and 
minimizes gas channeling around the porous support at higher reaction 
temperatures. Pestryakov et al prepared metal foam supported transition metal 

35 oxide catalysts with [1] and without [2] an intermediate gamma-alumina layer for 



-i- 
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the oxidation of n-butane. Kosak [3] examined several approaches to disperse 
precious metals on various metal foams where the surface was pre-etched with 
HCI solution, and reported that electroless deposition provides the best adhesion 
of precious metals to the foam supports. Podyacheva et al. [4] also synthesized 
foam metal supported LaCo0 3 perovskite catalyst with a porous alumina 
intermediate for methane oxidation. Despite all of the potential advantages with 
metal foam supported catalysts, metal foam has low corrosion resistance and its 
nonporous and smooth web surfaces have provided poor adhesion to ceramic 
materials. 

In order to increase corrosion resistance, methods such as diffusion 
alloying with Al, Cr, and Si have been used to fabricate ferritic steels, which are 
typically used for the manufacturing of high temperature furnace elements (about 
1200°C) [5]. When the aluminum containing ferritic steels are appropriately heat- 
treated, aluminum migrates to the alloy surface and forms a strongly adhering 
oxide film which is resistant to oxygen diffusion. Such ferritic steel foils have 
been used to fabricate metal monoliths with >10 ppi (pores per inch) open cells 
[6]. However, the search for the similar alloy foams with pores suitable for 
catalytic applications (<20ppi, 80ppi preferred) has been fruitless. This has been 
attributed to both the immature methods for making the finer Al-ferritic steel 
foams and the lack of the alloy precursors for making the foams. 

Hence, there is a need in the art of supported catalysts for a porous 
support of a foam that is resistant to corrosion or oxidation and resists cracking 
of the interfacial layer. 
References 
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5 SUMMARY OF THE INVENTION 

The present invention includes a catalyst that has at least three layers, (1) 
porous support, (2) buffer layer, (3) interfacial layer, and optionally (4) catalyst 
material. The buffer layer provides a transition of thermal expansion coefficient 

10 from the porous support to the interfacial layer thereby reducing thermal 

expansion stress as the catalyst is heated to high operating temperatures. The 
buffer layer also reduces corrosion and oxidation of the porous support. 

The method of the present invention for making the multi-layer catalyst (at 
least four layers) has the steps of (1) selecting a porous support, (2) solution 

15 depositing an interfacial layer thereon, and optionally (3) depositing a catalyst 
material onto the interfacial layer; wherein the improvement comprises (4) 
depositing a buffer layer between the porous support and the interfacial layer. 

The subject matter of the present invention is particularly pointed out and 
distinctly claimed in the concluding portion of this specification. However, both 

20 the organization and method of operation, together with further advantages and 
objects thereof, may best be understood by reference to the following description 
taken in connection with accompanying drawings wherein like reference 
characters refer to like elements.* 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an enlarged cross section of a catalyst. 
FIG. 2 is a graph of weight gain (via oxidation) versus time. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

The catalyst of the present invention is depicted in FIG. 1 having a porous 
35 support 100, a buffer layer 102, an interfacial layer 104, and, optionally, a 

catalyst layer 106. Any layer may be continuous or discontinuous as in the form 
of spots or dots, or in the form of a layer with gaps or holes. 
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The porous support 100 may be a porous ceramic or a metal foam. The 
interfacial layer 104 is a solution deposited metal oxide. The solution deposited 
metal oxide includes but is not limited to y-AI 2 0 3 , Si0 2 , Zr0 2 , Ti0 2 , magnesium 
oxide, vanadium oxide, chromium oxide, manganese oxide, iron oxide, nickel 
oxide, cobalt oxide, copper oxide, zinc oxide, molybdenum oxide, tin oxide, 
calcium oxide, aluminum oxide, lanthanum series oxide(s), zeolite(s) and 
combinations thereof. Typically the porous support 100 has a thermal 
coefficient of expansion different from that of the interfacial layer 104. 
Accordingly, for high temperature catalysis (T > 150 °C) a buffer layer 102 is 
needed to transition between the two coefficients of thermal expansion. Another 
advantage of the buffer layer 102 is avoiding side reactions such as coking or 
cracking caused by a bare metal foam surface. For chemical reactions which do 
not require large surface area supports such as catalytic combustion, the buffer 
layer 102 stabilizes the catalyst metal due to strong metal to metal-oxide 
interaction. In chemical reactions which require large surface area supports, the 
buffer layer 102 provides stronger bonding to the high surface area interfacial 
layer 104. The interfacial layer 104 may serve as a catalyst without any further 
catalyst layer deposited thereon. 

The buffer layer 102 is a metal oxide that is Al 2 0 3 , Ti0 2 , Si0 2 , and Zr0 2 
and combinations thereof. More specifically, the Al 2 0 3 is a-AI 2 0 3 , y-AI 2 0 3 and 
combinations thereof. The structure of the a-AI 2 0 3 is preferred because Ti0 2 is 
not as good as alumina against oxygen diffusion. Therefore, it is expected that 
resistance against high temperature oxidation can be improved with alumina 
coated on the porous support 100. When the porous support 100 is metal foam, 
for example a stainless steel foam, a preferred embodiment has a buffer layer 
102 formed of two sub-layers (not shown). The first sublayer (in contact with the 
porous support 100) is Ti0 2 for good adhesion and bonding of the ceramic layers 
to the porous support 100. The second sublayer is <x-AI 2 0 3 which is used for 
passivating the metal foam and is placed upon the Ti0 2 . 

Deposition of the buffer layer 102 may be by vapor deposition including 
but not limited to chemical vapor deposition, physical vapor deposition or 
combinations thereof. Because the vapor deposition is conducted at high 
temperatures, polycrystalline phases are formed providing good adhesion of the 
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metal oxide to the metal foam surface. Alternatively, the buffer layer 102 may be 
obtained by solution coating. For example, the solution coating has the steps of 
metal surface functionalization via hydroxide formation, followed by surface 
hydrolysis of alkoxides to obtain the polycrystalline phases. This solution coating 
may be preferred as a lower cost method of depositing the buffer layer 102. 
Polycrystalline metal oxides resist flaking of layers after several thermal cycles. 

Because metal foam has web surfaces that are nonporous and smooth, 
deposition of the interfacial layer may be impeded. One way to mitigate this 
problem is to rough the metal foam surface via chemical etching. The adhesion 
of high surface area gamma-alumina supported metal catalysts to metal foam is 
significantly improved when metal foam is roughed via chemical etching using 
mineral acid solutions, for example HCl. Roughed web surface also shows 
improved resistance to the spalling of catalyst layer under thermal cyclings. The 
open cells of a metal foam may range from about 20 ppi to about 1000 ppi and is 

preferably about 80 ppi. 

The catalyst layer 106 (when used) is deposited onto the interfacial layer 
104. The catalyst layer may be any catalyst metal including but not limited to 
noble metal, transition metal and combinations thereof, or a catalyst metal oxide 
or transition metal oxide including but not limited to magnesium oxide, titanium 
oxide, vanadium oxide, chromium oxide, manganese oxide, iron oxide, nickel 
oxide, cobalt oxide, copper oxide, zinc oxide, zirconium oxide, molybdenum 
oxide, tin oxide, calcium oxide, aluminum oxide, silicon oxide, lanthanum series 
oxide(s), zeolite(s) and combinations thereof. 

The method of making the catalyst has the steps of selecting a porous 
support 100, and solution depositing an interfacial layer 104 thereon; wherein the 
improvement is obtained by depositing a buffer layer 102 between the porous 
support 100 and the interfacial layer 104. In a preferred embodiment, wherein a 
metal foam is used as the porous support 100, the metal foam is etched prior to 
vapor depositing the buffer layer 102. Etching is preferably with an acid, for 
example HCl. Optionally a catalyst layer 106 may be deposited onto the 
interfacial layer 104. 
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Example 1 

An experiment was conducted to demonstrate the catalyst layer of the 
present invention. 

A stainless steel foam was coated with 1 000 Angstroms Ti0 2 via chemical 
vapor deposition. SEM (scanning electron microscope) analysis showed that the 
stainless steel foam supported gamma-alumina with a Ti0 2 buffer layer did not 
show spalling after several (3) thermal cycles from room temperature to 600 °C. 
In a control experiment with a stainless steel foam support coated with gamma- 
alumina without the Ti0 2 buffer layer, severe flaking or spalling of the gamma 
alumina under the identical testing conditions was observed. Resistance to high 
temperature oxidation is shown in FIG. 2 

CLOSURE 

While a preferred embodiment of the present invention has been shown 
and described, it will be apparent to those skilled in the art that many changes 
and modifications may be made without departing from the invention in its 
broader aspects. The appended claims are therefore intended to cover all such 
changes and modifications as fall within the true spirit and scope of the invention. 



WO 00/06301 



PCT/US99/17083 



CLAIMS 

5 

We claim: 

1 . A catalyst comprising a porous support having an interfacial layer 
thereon; wherein the improvement comprises a buffer layer between the porous 
support and the interfacial layer. 

10 

2. The catalyst as recited in claim 1 , further comprising a catalyst 
layer upon the interfacial layer. 

3. The catalyst as recited in claim 1 , wherein said porous support is a 
15 metal foam. 

4. The catalyst as recited in claim 1 , wherein said porous support is a 
porous ceramic. 



20 



25 



5. The catalyst as recited in claim 1 , wherein said interfacial layer is a 
solution deposited metal oxide. 

6. The catalyst as recited in claim 5, wherein said solution deposited 
metal oxide is selected from the group consisting of y-AfeOa, Si0 2 . ZrO z , Ti0 2 , 
magnesium oxide, vanadium oxide, chromium oxide, manganese oxide, iron 
oxide, nickel oxide, cobalt oxide, copper oxide, zinc oxide, molybdenum oxide, 
tin oxide, calcium oxide, aluminum oxide, lanthanum series oxide(s), zeolite(s) 
and combinations thereof. 

30 7. The catalyst as recited in claim 2, wherein said catalyst layer is a 

metal selected from the group of noble metal, transition metal and combinations 
thereof. 
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8. The catalyst as recited in claim 2, wherein said catalyst layer is a 
metal oxide or transition metal oxide selected from the group consisting of 
magnesium oxide, titanium oxide, vanadium oxide, chromium oxide, manganese 
oxide, iron oxide, nickel oxide, cobalt oxide, copper oxide, zinc oxide, zirconium 
oxide, molybdenum oxide, tin oxide, calcium oxide, aluminum oxide, silicon 
oxide, lanthanum series oxide(s), zeolite(s) and combinations thereof. 

9. The catalyst as recited in claim 1 , wherein said buffer layer is a 
metal oxide. 

10. The catalyst as recited in claim 9, wherein said metal oxide is 
selected from the group of At 2 0 3 , Ti0 2 , Si0 2 , Zr0 2 and combinations thereof. 

1 1 . The catalyst as recited in claim 9 f wherein said At 2 0 3 is selected 
from the group consisting of a-AI 2 0 3 , y-AI 2 0 3 and combinations thereof. 

12. The catalyst as recited in claim 1 wherein said buffer layer 
comprises a plurality of sublayers. 

13. A method of making a catalyst comprising the steps of selecting a 
porous support, solution depositing a interfacial layer thereon, wherein the 
improvement comprises depositing a buffer layer between the porous support 
and the interfacial layer. 

14. The method as recited in claim 13, further comprising depositing a 
catalyst layer onto the interfacial layer. 

15. The method as recited in claim 13, wherein said buffer layer is a 
metal oxide. 

16. The method as recited in claim 15, wherein said metal oxide is 
selected from the group consisting of Al 2 0 3 , Ti0 2 , Si0 2 , Zr0 2 and combinations 
thereof. 
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17. The method as recited in claim 15, wherein said Al 2 0 3 is selected 
from the group consisting of <x-AI 2 0 3 , y-AI 2 0 3 and combinations thereof. 

18. The method as recited in claim 13, wherein depositing the buffer 
layer is by vapor deposition. 

1 9. The method as recited in claim 1 3, wherein depositing the buffer 
layer is by solution deposition. 
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